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(54) METHOD FOR PREPARING OLEFIN‑BASED ELASTOMER

(57) Provided is a method for preparing an olefin-
based elastomer including: supplying a cycle stream
including an unreacted olefin comonomer and a residual
solvent, a solvent stream including a solvent, and a
comonomer stream including an olefin comonomer to
a distillation column; obtaining an upper discharge
stream from the distillation column including a low-boiling
point component, a lower discharge stream from the
distillation column including a high-boiling point compo-
nent, and a side discharge stream from the distillation

column including an olefin comonomer and the solvent,
by distillation performed in the distillation column; supply-
ing the side discharge stream from the distillation column
and a monomer stream including an olefin monomer to a
polymerization reactor and performing copolymerization
to obtain a discharge stream from the polymerization
reactor including an olefin-based elastomer solution;
and supplying the discharge stream from the polymer-
ization reactor including the olefin-based elastomer solu-
tion to a flash drum to obtain an olefin-based elastomer.
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Description

[Technical Field]

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of priority to Korean Patent Application No. 10‑2023‑0073348, filed on
June 8, 2023, the entire contents of which are incorporated herein as a part of the specification.

Technical Field

[0002] The present invention relates to a method for preparing an olefin-based elastomer, and more particularly, to a
method for preparing an olefin-based elastomer by purifying and recycling a raw material recovered after preparing an
olefin-based elastomer.

[Background Art]

[0003] As an olefin-based compound has a lower density, it has elasticity like synthetic rubber, which is called an olefin-
based elastomer. Since the olefin-based elastomer has excellent elasticity, processability, and impact strength, it is used
not only as a reinforcement of physical properties such as impact and flexural strength of automobile interior and exterior
materials but also in various fields such as materials for high-tech textiles, the sports industry, and extrusion coating.
[0004] In order to prepare the olefin-based elastomer as such, a solution polymerization method may be performed, and
the solution polymerization method may be performed by dissolving a monomer and a comonomer in a solvent and
copolymerizing them in the presence of a catalyst. After the olefin-based elastomer as a copolymer is finally obtained, a
comonomer which is unreacted during the copolymerization may be included in a residual solvent.
[0005] Therefore, in order to reuse the residual solvent and the unreacted comonomer as a raw material for preparing
the olefin-based elastomer, they are supplied to two or more distillation columns and purified to be separated into a solvent
and a comonomer. As such, when purification is performed in two or more distillation columns, energy usage is excessively
increased due to the use of a plurality of distillation columns.

[Disclosure]

[Technical Problem]

[0006] In order to solve the problems mentioned in the Background Art, an object of the present invention is to provide a
method for preparing an olefin-based elastomer which may simplify the process, reduce energy usage, and use purified
raw materials, by recovering raw materials which have been used in the preparation of the olefin-based elastomer,
specifically a solvent and an unreacted olefin comonomer and purifying them in the distillation column of the present
invention.

[Technical Solution]

[0007] In one general aspect, a method for preparing an olefin-based elastomer includes: supplying a cycle stream
including an unreacted olefin comonomer and a residual solvent, a solvent stream including a solvent, and a comonomer
stream including an olefin comonomer to a distillation column; obtaining an upper discharge stream from the distillation
column including a low-boiling point component, a lower discharge stream from the distillation column including a high-
boiling point component, and a side discharge stream from the distillation column including an olefin comonomer and the
solvent, by distillation performed in the distillation column; supplying the side discharge stream from the distillation column
and a monomer stream including an olefin monomer to a polymerization reactor and performing copolymerization to obtain
a discharge stream from the polymerization reactor including an olefin-based elastomer solution; and supplying the
discharge stream from the polymerization reactor including the olefin-based elastomer solution to a flash drum to obtain an
olefin-based elastomer.

[Advantageous Effects]

[0008] According to the method for preparing an olefin-based elastomer, one distillation column is used in purifying a
residual solvent recovered after a copolymerization reaction of an olefin monomer and an olefin comonomer, an unreacted
olefin comonomer, a fresh solvent, and an olefin comonomer, thereby further reducing energy usage as compared with a
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conventional method using a plurality of distillation columns, and the method may be preferred in economic terms such as
process equipment costs. Specifically, a weight ratio of a solvent to an olefin comonomer in a side discharge stream from
the distillation column and a lateral position in the distillation column from which the side discharge stream is discharged of
the present invention are controlled, thereby performing the purification which is conventionally performed by a plurality of
distillation columns for purifying a recovered residual solvent, an unreacted olefin comonomer, a fresh solvent, and an
olefin comonomer, by the distillation column design of the present invention. In addition, by the control, a content of a high-
boiling point component in the side discharge stream from the distillation column may be reduced to prevent fouling
occurrence, and the side discharge stream from the distillation column may be directly supplied to a polymerization reactor
to activate a copolymerization reaction performed in the polymerization reactor.

[Description of Drawings]

[0009]

FIGS. 1 and 2 are process flow diagrams showing a method for preparing an olefin-based elastomer according to an
exemplary embodiment of the present invention.
FIGS. 3 and 4 are process flow diagrams showing a method for preparing an olefin-based elastomer according to the
comparative examples of the present invention.

[Best Mode]

[0010] The terms and words used in the description and claims of the present invention are not to be construed limitedly
as having general or dictionary meanings but are to be construed as having meanings and concepts meeting the technical
ideas of the present invention, based on a principle that the inventors are able to appropriately define the concepts of terms
in order to describe their own inventions in the best mode.
[0011] The term "stream" in the present invention may refer to a fluid flow in a process, or may refer to a fluid itself flowing
in a pipe. Specifically, the stream may refer to both a fluid itself flowing in a pipe connecting each device and a fluid flow. In
addition, the fluid may refer to a gas or liquid, and a case in which a solid substance is included in the fluid is not excluded.
[0012] Meanwhile, in the devices such as a distillation column and a flash drum in the present invention, unless
otherwise particularly stated, a "lower portion" of the device refers to a point at a height of 80 % to 100% from top to bottom
of the device, specifically the lowest part (bottom). Likewise, unless otherwise particularly stated, an "upper portion" of the
device refers to, a point at a height of 0% to 20 % from top to bottom of the device, specifically the highest part (top).
[0013] Hereinafter, the present invention will be described in more detail for better understanding of the present
invention, with reference to FIG. 1.
[0014] A method for preparing an olefin-based elastomer according to an exemplary embodiment may include:
supplying a cycle stream 1 including an unreacted olefin comonomer and a residual solvent, a solvent stream 2 including
a solvent, and a comonomer stream 3 including an olefin comonomer to a distillation column 100; obtaining an upper
discharge stream from the distillation column including a low-boiling point component, a lower discharge stream from the
distillation column including a high-boiling point component, and a side discharge stream from the distillation column
including an olefin comonomer and the solvent, by distillation performed in the distillation column 100; supplying the side
discharge stream from the distillation column and a monomer stream 4 including an olefin monomer to a polymerization
reactor 200 and performing copolymerization to obtain a discharge stream from the polymerization reactor including an
olefin-based elastomer solution; and supplying the discharge stream from the polymerization reactor including the olefin-
based elastomer solution to a flash drum 300 to obtain an olefin-based elastomer.
[0015] First, the copolymerization reaction according to an exemplary embodiment of the present invention may be
performed by copolymerizing a reactant including an olefin monomer and an olefin comonomer in the presence of a
solvent, and an olefin-based elastomer which is a copolymer may be obtained by copolymerization of the reactant.
[0016] Herein, the olefin monomer may be any one selected from α-olefin monomers, cyclic olefin monomers, diene
olefin monomers, triene olefin monomers, and styrene monomers, and in the present invention, may be an α-olefin
monomer. More specifically, the α-olefin monomer may include one or more of ethylene and propylene.
[0017] Meanwhile, the olefin comonomer may be an α-olefin comonomer. Specifically, the α-olefin comonomer may
include any one or a mixture of two or more selected from the group consisting of 1-butene, 1-pentene, 4-methyl‑1-
pentene, 1-hexene, 1-heptene, 1-octene, 1-decene, 1-undecene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-itocene,
norbornene, norbornadiene, ethylidene norbornene, phenylnorbornene, vinylnorbornene, dicyclopentadiene, 1,4-buta-
diene, 1,5-pentadiene, 1,6-hexadiene, styrene, α-methylstyrene, divinylbenzene, and 3-chloromethylstyrene. The olefin
comonomer in the present invention may be 1-butene or 1-octene.
[0018] More specifically, when the olefin comonomer is 1-butene, the reactant may include, for example, ethylene and 1-
butene, and when the olefin comonomer is 1-octene, the reactant may include, for example, ethylene and 1-octene.
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[0019] First, the method for preparing an olefin-based elastomer may be performed by including: supplying a cycle
stream 1 including an unreacted olefin comonomer and a residual solvent, a solvent stream 2 including a solvent, and a
comonomer stream 3 including an olefin comonomer to a distillation column 100.
[0020] The cycle stream 1 including an unreacted olefin comonomer and a residual solvent may be derived from a
stream separated from an olefin-based elastomer in a flash drum 300 described later. The unreacted olefin comonomer
and the residual solvent may be an olefin comonomer which is not copolymerized during copolymerization of an olefin
monomer and an olefin comonomer, and a solvent used in the copolymerization, which are separated from the olefin-
based elastomer in the flash drum 300. In order to reuse raw materials used in the copolymerization, purification in which
the cycle stream 1 including the unreacted olefin comonomer and the residual solvent is supplied to the distillation column
100 to separate impurities included in the cycle stream 1 may be performed.
[0021] Meanwhile, the solvent stream 2 including the solvent is a stream including a fresh solvent, and may be a stream
for freshly supplementing a solvent required for copolymerization of the olefin monomer and the olefin comonomer.
[0022] Specifically, the solvent may be a hydrocarbon-based solvent having 5 to 12 carbon atoms, and specifically, may
be one or more of hexane, cyclohexane, methylcyclohexane, heptane, nonane, decane, toluene, and benzene. More
specifically, the solvent may be hexane. When the olefin monomer and the olefin comonomer are copolymerized using the
solvent, the olefin comonomer and the olefin monomer may be more easily dissolved by the solvent, and thus,
copolymerization of the olefin monomer and the olefin comonomer dissolved thereby may be more easily performed.
[0023] Meanwhile, the comonomer stream 3 including the olefin comonomer is a stream including a fresh olefin
comonomer, and may be a stream for freshly supplementing the olefin comonomer which is a raw material used in
preparing the olefin-based elastomer into the polymerization reactor 200.
[0024] Meanwhile, in the comonomer stream 3, undesired impurities may be included in addition to the fresh olefin
comonomer. When the comonomer stream 3 is supplied to the polymerization reactor 200 without removing impurities
included in the comonomer stream and a copolymerization reaction is performed, a side reaction may occur during
copolymerization due to the impurities, and an amount of the olefin-based elastomer obtained by the copolymerization
may be decreased. Therefore, the impurities included in the comonomer stream 3 needs to be removed in advance and
supplied to the polymerization reactor 200. Herein, when a separate column for removing only the impurities included in the
comonomer stream 3 is provided, it may be economically not preferred due to increased process equipment costs and
excessive energy use. Therefore, it may be preferred to supply the comonomer stream 3 to the distillation column 100 in
which the cycle stream 1 is purified and purify them together.
[0025] Meanwhile, conventionally, there was no choice but to perform purification using a plurality of distillation columns
in order to separate impurities included in the cycle stream 1, the solvent stream 2, and the comonomer stream 3. However,
in the present invention, a weight ratio between the solvent and the olefin comonomer in the side discharge stream from the
distillation column and the height of the side portion of the distillation column from which the side discharge stream is
discharged are controlled, thereby performing purification of the cycle stream 1, the solvent stream 2, and the comonomer
stream 3 only by the distillation column 100 according to the present invention.
[0026] Meanwhile, the cycle stream 1, the solvent stream 2, and the comonomer stream 3 may be directly supplied to the
distillation column 100, but the supply of the cycle stream 1, the solvent stream 2, and the comonomer stream 3 to the
distillation column 100 may be variously modified.
[0027] For example, according to another exemplary embodiment of the present invention (see FIG. 2), the supply of the
cycle stream 1, the solvent stream 2, and the comonomer stream 3 may be performed by mixing the cycle stream 1 and the
solvent stream 2and supplying the mixture to the distillation column 100, and directly supplying the comonomer stream3 to
the distillation column 100. Mixing of the cycle stream 1 and the solvent stream 2 may be performed in a recovery tank 10.
[0028] In addition, mixing the cycle stream 1 and the solvent stream 2 and supplying the mixture to the distillation column
100 may be supplying a mixed stream of the cycle stream 1 and the solvent stream 2 to the distillation column through the
heat exchanger 20. Specifically, the mixed stream may be mixing the cycle stream 1 and the solvent stream 2 in the
recovery tank 10. The mixed stream may pass through the heat exchanger 20, and in the heat exchanger 20, the mixed
stream may be preheated using a low pressure steam (LS). As such, the mixed stream preheated in the heat exchanger 20
is supplied to the distillation column 100, thereby further reducing the usage of a medium pressure steam (MS) used in the
reboiler 40 of the distillation column 100, which may be preferred in terms of energy use. Furthermore, the medium
pressure steam is a higher grade steam than the low pressure steam used in the heat exchanger 20, and the usage of the
medium pressure steam which is a higher grade steam is reduced, thereby improving process economic feasibility.
[0029] The method for preparing an olefin-based elastomer according to an exemplary embodiment of the present
invention may be performed by including: obtaining an upper discharge stream from the distillation column including a low-
boiling point component, a lower discharge stream from the distillation column including a high-boiling point component,
and a side discharge stream from the distillation column including an olefin comonomer and a solvent, by distillation
performed in the distillation column 100.
[0030] Specifically, separation into an upper fraction including the low-boiling point component, a lower fraction
including a high-boiling point component, and a side fraction including an olefin comonomer and a solvent may be

4

EP 4 506 375 A1

5

10

15

20

25

30

35

40

45

50

55



performed by distillation performed in the distillation column 100.
[0031] The low-boiling point component may include nitrogen, hydrogen, methane, ethane, ethylene, and propane, and
the high-boiling point component may include isooctene, C9 or higher carbon compounds, and oligomers (molecular
weight: 1000 to 10000 g/mol). The upper fraction including the low-boiling point component may be discharged through the
upper discharge stream from the distillation column, and the lower fraction including the high-boiling point component may
be discharged through the lower discharge stream from the distillation column. As such, impurities are discharged through
the upper discharge stream from the distillation column and the lower discharge stream from the distillation column,
thereby removing impurities included in the cycle stream 1, the solvent stream 2, and the comonomer stream 3.
[0032] As described above, the impurities are separated through the upper discharge stream from the distillation column
and the lower discharge stream from the distillation column and the side discharge stream from the distillation column
including the side fraction is obtained, whereby the solvent and the olefin comonomer included in the side discharge
stream from the distillation column may be appropriate for use as a raw material for preparing an olefin-based elastomer.
[0033] Meanwhile, referring to FIG. 3, conventionally, the monomer and the comonomer are copolymerized in the
presence of a solvent to obtain a copolymer, and a residual solvent including an unreacted comonomer is recovered, which
is distilled with a fresh solvent and a fresh olefin comonomer in the distillation column to separate the solvent and the
comonomer, respectively. Further, in order to reuse the solvent and the comonomer which are separated, respectively, as
such, as a raw material of the copolymer, two or more distillation columns for removing the low-boiling point component
included in the separated solvent and the high-boiling point component included in the separated comonomer are further
needed. However, when a solvent and a comonomer from which impurities have been removed are obtained by a total of 3
or more distillation columns as such, process equipment costs and energy usage are excessively increased due to
operation of a plurality of distillation columns.
[0034] Unlike the conventional process of removing impurities using at least 3 or more distillation columns, the present
invention functionally uses one distillation column 100 including discharge of a side stream, thereby purifying a fresh
solvent, a fresh olefin comonomer, a recovered residual solvent, and an unreacted olefin comonomer to obtain a solvent
and an olefin comonomer from which a low-boiling point component and a high-boiling point component have been
removed. Specifically, a weight ratio between the solvent and the olefin comonomer in the side discharge stream from the
distillation column, and a height of the side portion of the distillation column from which the side discharge stream is
discharged are controlled, thereby activating separation and removal of the low-boiling point component and the high-
boiling point component only with the distillation column according to an exemplary embodiment of the present invention.
Thus, it may be preferred in terms of energy and economic feasibility as compared with the conventional process. In
addition, the solvent and the comonomer are not separated, respectively, as before, and the side discharge stream from
the distillation column including the solvent and the olefin comonomer may be directly supplied to the polymerization
reactor 200.
[0035] According to an exemplary embodiment, the weight ratio of the solvent to the olefin comonomer included in the
side discharge stream from the distillation column may be 1.28 to 1.58, specifically 1.28 to 1.48 or 1.28 to 1.37. When the
weight ratio of the solvent to the olefin comonomer included in the side discharge stream from the distillation column is
within the range, it may be appropriate to supply the side discharge stream from the distillation column to the
polymerization reactor 200 to prepare an olefin-based elastomer. That is, when the weight ratio of the solvent to the
olefin comonomer included in the side discharge stream from the distillation column is less than 1.28, the flow rate of the
lower discharge stream from the distillation column is very low or there is no flow rate, so that the distillation column 100
may not be operated, and even in the case in which the distillation column 100 may be operated, the content of the high-
boiling point component in the side discharge stream from the distillation column is increased to cause fouling from the
high-boiling point component. When the weight ratio of the solvent to the olefin comonomer included in the side discharge
stream from the distillation column is more than 1.58, the recovery rate of the olefin comonomer from the side discharge
stream from the distillation column is decreased, so that it may be difficult to activate copolymerization performed in the
polymerization reactor 200. Therefore, a yield of the olefin-based elastomer to be obtained in the present invention may be
decreased.
[0036] The side discharge stream from the distillation column may be discharged from the side portion at a height of 60 to
77%, 62 to 73%, or 66 to 70% from top to bottom of the distillation column. When the height of the side portion of the
distillation column from which the side discharge stream is discharged is within the range, the weight ratio of the solvent to
the olefin comonomer included in the side discharge stream from the distillation column may be easily controlled.
Specifically, the weight ratio of the solvent to the olefin comonomer included in the side discharge stream from the
distillation column may be controlled by flow rates of the solvent stream 2 and the comonomer stream 3, but it may be
difficult to flexibly respond the flow rates of the solvent stream 2 and the comonomer stream 3 depending on the process
needs, for example, product yield and product grade within a limited flow rate range. Therefore, the weight ratio of the
solvent to the olefin comonomer included in the side dischargestream from the distillation column may be controlled to 1.28
to 1.58 by controlling the height of the side portion of the distillation column from which the side discharge stream is
discharged.
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[0037] Specifically, when the height of the side portion of the distillation column from which the side discharge stream is
discharged is less than 60%, the weight of the low-boiling point component in the side discharge stream from the distillation
column may be increased, and when the height of the side portion of the distillation column from which the side discharge
stream is discharged is more than 77%, the weight of the high-boiling point component in the side discharge stream from
the distillation column may be increased. That is, when the height of the side portion of the distillation column from which
the side discharge stream is discharged is out of the range (60 to 77%), the content of impurities in the side discharge
stream from the distillation column is excessively increased, and thus, when the side discharge stream from the distillation
column is supplied to the polymerization reactor 200, copolymerization of the olefin monomer and the olefin comonomer
performed in the polymerization reactor 200 may not be activated.
[0038] The distillation column 100 according to an exemplary embodiment of the present invention may be a conven-
tional distillation column, and the conventional distillation column may be a single area distillation column which does not
include a structure dividing an area in a horizontal direction inside the distillation column. Specifically, since the distillation
column 100 of the present invention does not include the structure dividing an area in the horizontal direction, for example,
a left area and a right area which have different composition operating temperatures and operation pressures in the
distillation column may not be divided. For example, the distillation column 100 may be a distillation column which does not
have a separation wall.
[0039] According to the present invention, a temperature in the lower portion of the distillation column may be 120 to
180°C, specifically 130 to 170°C or 149 to 156°C. When the lower portion of the distillation column is controlled to the
temperature within the range, the amount of the solvent and/or olefin comonomer lost through the upper discharge stream
from the distillation column and the lowerdischarge streamfrom the distillation column may be minimized. Therefore, since
the amount of the lost solvent and/or olefin comonomer is small, the solvent and the olefin comonomer may be included as
much as possible in the side discharge stream from the distillation column.
[0040] Meanwhile, the pressure of the upper pressure of the distillation column may be 0.7 to 1.0 kg/cm2·g, specifically
0.75 to 0.95 kg/cm2·g, or 0.85 to 0.9 kg/cm2·g. When distillation is performed under the pressure conditions of the upper
portion of the distillation column as such, separation of the upper fraction including the low-boiling point component, the
lower fraction including the high-boiling point component, and the side fraction including the solvent and the olefin
comonomer may be easily performed in the distillation column 100.
[0041] Meanwhile, an upper reflux ratio of the flow rate of the upper reflux stream from the distillation column to the flow
rate of the upper discharge stream from the distillation column may be 60 to 75, specifically 62 to 70 or 64 to 68. The upper
discharge stream from the distillation column passes through a condenser 30, and a part is refluxed to the distillation
column 100 and the rest is discharged, in which the part of the stream refluxed to the distillation column 100 may be the
upper reflux stream from the distillation column.
[0042] In addition, a lower reflux ratio of the flow rate of the lower reflux stream from the distillation column to the flow rate
of the lower discharge stream from the distillation column may be 20 to 220, specifically 22 to 215, or 24 to 213. A part of the
lower discharge stream from the distillation column passes through a reboiler 40 and is refluxed to the distillation column
100 and the rest is discharged, in which the part of the stream refluxed to the distillation column 100 may be the lower reflux
stream from the distillation column.
[0043] The method for preparing an olefin-based elastomer according to an exemplary embodiment of the present
invention may include: supplying the side discharge stream from the distillation column and a monomer stream 4 including
the olefin monomer to the polymerization reactor 200 and performing copolymerization to obtain a discharge stream from
the polymerization reactor including an olefin-based elastomer solution. The monomer stream 4 may be a stream for
supplying an olefin monomer which is a raw material used for preparing an olefin-based elastomer in the polymerization
reactor 200, and may include a fresh olefin monomer.
[0044] Meanwhile, the side discharge stream from the distillation column and the monomer stream 4 may be cooled
through a freezer directly before supplying to the polymerization reactor 200. Herein, when the content of the high-boiling
point component in the side discharge stream from the distillation column is high, an oligomer included in the high-boiling
point component is precipitated at a low temperature to cause fouling from the oligomer, which may reduce efficiency of the
copolymerization reaction.
[0045] According to the present invention, supply of the side discharge stream from the distillation column and the
monomer stream 4 may be performed by direct supply to the polymerization reactor 200, as described above, but may be
performed by mixing the side discharge stream from the distillation column and the monomer stream 4 and then supplying
a mixture of the side discharge stream from the distillation column and the monomer stream to the polymerization reactor
200. Herein, mixing of the side discharge stream from the distillation column and the monomer stream 4 may be performed
by supplying the side discharge stream from the distillation column and the monomer stream 4 to a feed tank 50.
[0046] According to an exemplary embodiment of the present invention, a weight flow ratio of the olefin comonomer to
the olefin monomer supplied to the polymerization reactor 200 may be 0.8 to 1.5, 0.85 to 1.4, or 0.9 to 1.3. The weight flow
ratio of the olefin comonomer to the olefin monomer supplied to the polymerization reactor 200 is controlled to the range,
thereby adjusting the physical properties of the olefin-based elastomer which is the final product to be obtained in the
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present invention to a desired level.
[0047] When the weight flow ratio of the olefin comonomer to the olefin monomer supplied to the polymerization reactor
200 is less than 0.8, the olefin comonomer more than necessary is supplied to the polymerization reactor 200, which may
not be economically preferred in terms of raw material utilization. In addition, the content of the olefin comonomer in the
finally obtained olefin-based elastomer may be increased to decrease density which is one of quality elements of the final
product. When the weight flow ratio of the olefin comonomer to the olefin monomer supplied to the polymerization reactor
200 is more than 1.5, the amount of the olefin comonomer supplied to the polymerization reactor 200 is not sufficient to
decrease the efficiency of the copolymerization reaction performed in the polymerization reactor 200 and excessively
increase the density of the final product, so that an olefin-based elastomer having desired physical properties may not be
obtained.
[0048] Meanwhile, in the polymerization reactor 200, a reactant including the olefin monomer and the olefin comonomer
may be copolymerized in the presence of a solvent to obtain an olefin-based elastomer solution including an olefin-based
elastomer which is a copolymer.Herein, the polymerization reactor200 may further include a catalyst and a cocatalyst, and
the catalyst may include a metallocene catalyst and the cocatalyst may include one or more of triethylaluminoxane (TEAL),
methylaluminoxane (MAO), and borate.
[0049] The method of copolymerizing the reactant may be performed by liquid, slurry, bulk phase, or gaseous
polymerization, and in the present invention, may be performed by liquid polymerization, that is, solution polymerization.
The solution polymerization is amethod of polymerization in a solution stateby dissolving a monomer in asolvent, and after
the polymerization is completed, a polymer solution in the form of a polymer dissolved or dispersed in the solvent may be
obtained.
[0050] Meanwhile, a temperature at which the olefin monomer and the olefin comonomer are copolymerized in the
polymerization reactor200 may be 140 to 180°C, and a pressure of copolymerization may be 80 to 100 kg/cm2·g.When the
polymerization reactor 200 is operated under the operation conditions, copolymerization of the olefin monomer and the
olefin comonomer is easily performed to increase a yield of the olefin-based elastomer.
[0051] The method for preparing an olefin-based elastomer according to an exemplary embodiment of the present
invention may be performed by including: supplying a discharge stream from the polymerization reactor including the
olefin-based elastomer solution to a flash drum 300 to obtain an olefin-based elastomer. Specifically, the olefin-based
elastomer which is a copolymer of the olefin monomer and the olefin comonomer may be separately obtained from the
olefin-based elastomer solution in the flash drum 300. Herein, the olefin-based elastomer may be an ultralow density
polyolefin having a density of 0.875 g/cm3 or less.
[0052] Herein, the flash drum 300 may be operated under the operation conditions of a temperature of 160 to 240°C and
a pressure of 10 to 17 kg/cm2·g. When the olefin-based elastomer is separated under the operation conditions of the flash
drum 300, the olefin-based elastomer is more easily separated in the flash drum 300, and the cycle stream 1 derived from
the stream separated from the olefin-based elastomer may be obtained.
[0053] As described above, the cycle stream 1 derived from the stream separated from the olefin-based elastomer in the
flash drum 300 may include a residual solvent and an unreacted olefin comonomer. The residual solvent and the unreacted
olefin comonomer included in the cycle stream 1 are purified in the distillation column 100 and reused as a raw material for
preparing the olefin-based elastomer, thereby minimizing the amounts of the solvent and the olefin comonomer which
should be freshly supplied in the process. Therefore, since process costs for supplying a fresh raw material may be
reduced, the method may be economically preferred.
[0054] Hereinafter, the present invention will be described in more detail by the examples. However, the following
examples are provided for illustrating the present invention, and it is apparent to a person skilled in the art that various
modifications and alterations may be made without departing from the scope and spirit of the present invention, and the
scope of the present invention is not limited thereto.

Examples

Example 1

[0055] According to the process flow diagram illustrated in FIG. 1, a process of preparing an olefin-based elastomer was
simulated, using an Aspen Plus simulator available from Aspen Technology, Inc.
[0056] Specifically, a cycle stream 1 including an unreacted olefin comonomer (unreacted 1-octene) and a residual
solvent (residual hexane), a solvent stream 2 including a fresh solvent (hexane), and a comonomer stream 3 including a
fresh olefin comonomer (1-octene) were supplied to a distillation column 100.
[0057] An upper discharge stream from the distillation column including a low-boiling point component, a lower
discharge stream from the distillation column including a high-boiling point component, and a side discharge stream
from the distillation column including an olefin comonomer and a solvent were obtained by distillation performed in the
distillation column 100. At this time, the temperature in the lower portion of the distillation column was 149°C, and the
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pressure in the upper portion of the distillation column was 0.82 kg/cm2·g. A reflux ratio of the flow rate of the upper reflux
stream from the distillation column to the flow rate of the upper discharge stream from the distillation column was 66.7, and
the reflux ratio of the flow rate of the lower reflux stream from the distillation column to the flow rate of the lower discharge
stream from the distillation column was 32.6.
[0058] Meanwhile, the side discharge stream from the distillation column was discharged from the side portion at a
height of 67% from top to bottom of the distillation column 100. A weight ratio of the solvent to the olefin comonomer
included in the side discharge stream from the distillation column was 1.34. In addition, the content of the high-boiling point
component (content of impurities) included in the side discharge stream from the distillation column was 0.2 ppm. At this
time, the composition of the side discharge stream from the distillation column was measured by Fourier transform infrared
spectroscopy (FT-IR).
[0059] The side discharge stream from the distillation column and monomer stream 4 including a fresh olefin monomer
(ethylene) was supplied to the polymerization reactor 200 and copolymerized in the presence of a metallocene catalyst
and a cocatalyst, thereby obtaining a discharge stream from the polymerization reactor including the olefin-based
elastomer solution. Herein, the weight flow ratio of the olefin comonomer to the olefin monomer supplied to the
polymerization reactor 200 was 0.96. At this time, the polymerization reactor 200 was operated at a temperature of
170°C and a pressure of 95 kg/cm2·g.
[0060] The discharge stream from the polymerization reactor including the olefin-based elastomer solution was
supplied to a flash 300 to finally obtain an olefin-based elastomer. At this time the flash drum 300 was operated at a
temperature of 200°C and a pressure of 10 kg/cm2·g. The cycle stream 1 including the unreacted olefin comonomer and
the residual solvent derived from the stream separated from the olefin-based elastomer in the flash drum 300 was
circulated to a recovery tank 10.
[0061] As a result, an energy reduction rate in a reboiler 40 in the distillation column 100 was 51%, and the energy
reduction rate is a value of a difference in an energy usage in the reboiler between Comparative Example 1 and Example 1,
expressed as a percentage, based on Comparative Example 1 (3.73Gcal/h) of which the total energy usage in the reboiler
in the distillation column was the highest.
[0062] Meanwhile, a recovery rate in the distillation column 100 was 99.4 wt% in the case of hexane and 94.5 wt% in the
case of 1-octene. The recovery rate of hexane was a weight ratio of hexane included in the side discharge stream from the
distillation column to hexane included in the cycle stream 1 and the solvent stream 2, expressed as a percentage. The
recovery rate of 1-octene was a weight ratio of 1-octene included in the sidedischarge stream from the distillation column to
1-octene included in the cycle stream 1 and the comonomer stream 3, expressed as a percentage.

Example 2

[0063] According to the process flow diagram illustrated in FIG. 2, a process of preparing an olefin-based elastomer was
simulated, using an Aspen Plus simulator available from Aspen Technology, Inc.
[0064] Specifically, the cycle stream 1 including an unreacted olefin comonomer (unreacted 1-octene) and a residual
solvent (residual hexane) and the solvent stream 2 including a fresh solvent (hexane) were supplied to the recovery tank10
and mixed to obtain a mixed stream of the cycle stream 1 and the solvent stream 2, and the mixed stream was passed
through a heat exchanger 20 and supplied to the distillation column 100. Meanwhile, the comonomer stream 3 including
the fresh olefin comonomer (1-octene) was directly supplied to the distillation column 100.
[0065] An upper discharge stream from the distillation column including a low-boiling point component, a lower
discharge stream from the distillation column including a high-boiling point component, and a side discharge stream
from the distillation column including an olefin comonomer and a solvent were obtained by distillation performed in the
distillation column 100. At this time, the temperature in the lower portion of the distillation column was 149°C, and the
pressure in the upper portion of the distillation column was 0.82 kg/cm2·g. A reflux ratio of the flow rate of the upper reflux
stream from the distillation column to the flow rate of the upper discharge stream from the distillation column was 66.7, and
the reflux ratio of the flow rate of the lower discharge stream from the distillation column to the flow rate of the lower
discharge stream from the distillation column was 32.6.
[0066] Meanwhile, the side discharge stream from the distillation column was discharged from the side portion at a
height of 67% from top to bottom of the distillation column 100. A weight ratio of the solvent to the olefin comonomer
included in the side discharge stream from the distillation column was 1.34. In addition, the content of the high-boiling point
component (content of impurities) included in the side discharge stream from the distillation column was 3.0 ppm. At this
time, the composition of the side discharge stream from the distillation column was measured by Fourier transform infrared
spectroscopy (FT-IR).
[0067] The monomer stream 4 including the side discharge stream from the distillation column and the fresh olefin
monomer (ethylene) was supplied to the feed tank 50, mixed, and supplied to the polymerization reactor 200. In the
polymerization reactor 200, the olefin monomer and the olefin comonomer were copolymerized in the presence of a
metallocene catalyst and a cocatalyst to obtain a discharge stream from the polymerization reactor including the olefin-
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based elastomer solution. At this time, the polymerization reactor 200 was operated at a temperature of 175°C and a
pressure of 90 kg/cm2·g. Herein, the weight flow ratio of the olefin comonomer to the olefin monomer supplied to the
polymerization reactor 200 was 0.96.
[0068] The discharge stream from the polymerization reactor including the olefin-based elastomer solution was
supplied to a flash 300 to finally obtain an olefin-based elastomer. At this time, the flash drum 300 was operated at a
temperature of 200°C and a pressure of 10 kg/cm2·g. The cycle stream 1 including the unreacted olefin comonomer and
the residual solvent derived from the stream separated from the olefin-based elastomer in the flash drum 300 was
circulated to a recovery tank 10.
[0069] As a result, the energy reduction rate in the reboiler 40 of the distillation column 100 was 64%. Meanwhile, the
recovery rate in the distillation column 100 was 99.5% in the case of hexane and 94.6% in the case of 1-octene.

Example 3

[0070] In Example 3, an olefin-based elastomer was prepared in the same process flow as in Example 2, except that the
weight ratio of the solvent to the olefin comonomer included in the side discharge stream from the distillation column was
1.40. The content of impurities (high-boiling point component) included in the side discharge stream from the distillation
column was 1.5 ppm.
[0071] As a result, the energy reduction rate in the reboiler 40 of the distillation column 100 was 64%. Meanwhile a
recovery rate in the distillation column 100 was 99.4 wt% in the case of hexane and 90.7 wt% in the case of 1-octene.

Example 4

[0072] In Example 4, an olefin-based elastomer was prepared in the same process flow as in Example 2, except that the
weight ratio of the solvent to the olefin comonomer included in the side discharge stream from the distillation column was
1.27. The content of impurities (high-boiling point component) included in the side discharge stream from the distillation
column was 362 ppm.
[0073] As a result, the energy reduction rate in the reboiler 40 of the distillation column 100 was 64%. Meanwhile, the
recovery rate in the distillation column 100 was 99.5 wt% in the case of hexane and 99.0 wt% in the case of 1-octene.

Example 5

[0074] In Example 5, an olefin-based elastomer was prepared in the same process flow as in Example 2, except that the
weight ratio of the solvent to the olefin comonomer included in the side discharge stream from the distillation column was
1.28. The content of impurities (high-boiling point component) included in the side discharge stream from the distillation
column was 25 ppm.
[0075] As a result, the energy reduction rate in the reboiler 40 of the distillation column 100 was 64%. Meanwhile, the
recovery rate in the distillation column 100 was 99.5 wt% in the case of hexane and 99.4 wt% in the case of 1-octene.

Comparative Examples

Comparative Example 1

[0076] According to the process flow diagram illustrated in FIG. 3, a process of preparing an olefin-based elastomer was
simulated, using an Aspen Plus simulator available from Aspen Technology, Inc.
[0077] A cycle stream 1 including an unreacted olefin comonomer (unreacted 1-octene) and a residual solvent (residual
hexane) and the solvent stream 2 including a fresh solvent (hexane) were supplied to the recovery tank 10 and mixed to
obtain a mixed stream of the cycle stream 1 and the solvent stream 2, and the mixed stream was passed through a heat
exchanger 20 and supplied to a first distillation column 400. Meanwhile, the comonomer stream 3 including the fresh olefin
comonomer (1-octene) was directly supplied to the first distillation column 400.
[0078] An upper discharge stream from the first distillation column including a low-boiling point component and the
solvent and a lower discharge stream from the first distillation column including a high-boiling point component and an
olefin comonomer were obtained by distillation performed in the first distillation column 400. At this time, the temperature in
the lower portion of the first distillation column was 136°C, and the pressure in the upper portion of the first distillation
column was 0.82 kg/cm2·g.
[0079] The upper discharge stream from the first distillation column was supplied to a second distillation column 500 and
separation into an upper fraction including the low-boiling point component and a lower fraction including the solvent was
performed. The lower fraction including the solvent was supplied to a feed tank 50 through the lower discharge stream from
the second distillation column. At this time, the temperature in the lower portion of the second distillation column was 95°C,
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and the pressure in the upper portion of the second distillation column was 0.82 kg/cm2·g.
[0080] Meanwhile, the lower discharge stream from the first distillation column was supplied to a third distillation column
600 and separation into an upper fraction including the olefin comonomer and a lower fraction including the high-boiling
point component was performed. The upper fraction including the olefin comonomer was supplied to the feed tank 50
through the upper discharge stream from the third distillation column. At this time, the temperature in the lower portion of
the third distillation column was 145°C, and the pressure in the upper portion of the third distillation column was 0.4
kg/cm3·g. A weight ratio of the solvent included in the lower discharge stream from the second distillation column to the
olefin comonomer included in the upper discharge stream from the third distillation column was 1.2. In addition, the content
of the total high-boiling point component (content of impurities) included in the lower discharge stream from the second
distillation column and the upper discharge stream from the third distillation column was 25 ppm.
[0081] In addition to the upper discharge stream from the third distillation column and the lower discharge stream from
the second distillation column, a monomer stream 4 including a fresh olefin monomer (ethylene) was supplied to the feed
tank 50, mixed, and supplied to the polymerization reactor 200. Herein, the weight flow ratio of the olefin comonomer to the
olefin monomer supplied to the polymerization reactor 200 was 0.96. In the polymerization reactor 200, the olefin monomer
and the olefin comonomer were copolymerized in the presence of a metallocene catalyst and a cocatalyst to obtain an
olefin-based elastomer solution. At this time, the polymerization reactor 200 was operated at a temperature of 175°C and a
pressure of 90 kg/cm2·g.
[0082] The olefin-based elastomer solution was supplied to the flash drum 300 to finally obtain an olefin-based
elastomer. At this time the flash drum 300 was operated at a temperature of 200°C and a pressure of 10 kg/cm2·g.
The cycle stream 1 including the unreacted olefin comonomer and the residual solvent derived from the stream separated
from the olefin-based elastomer in the flash drum 300 was circulated to a recovery tank 10.
[0083] As a result, a total energy usage in the reboiler of the distillation columns (first distillation column, second
distillation column, and third distillation column) was 3.73 Gcal/h.
[0084] Meanwhile, a recovery rate in the distillation columns (first distillation column, second distillation column, and
third distillation column) was 87.8 wt% in the case of hexane and 93.5 wt% in the case of 1-octene. The recovery rate of
hexane was a weight ratio of hexane included in the lower discharge stream from the second distillation column to hexane
included in the cycle stream 1 and the solvent stream 2, expressed as a percentage. The recovery rate of 1-octene was a
weight ratio of 1-octene included in the upper discharge stream from the third distillation column to 1-octene included in the
cycle stream 1 and the comonomer stream 3, expressed as a percentage.

Comparative Example 2

[0085] According to the process flow diagram illustrated in FIG. 4, a process of preparing an olefin-based elastomer was
simulated, using an Aspen Plus simulator available from Aspen Technology, Inc.
[0086] A cycle stream 1 including an unreacted olefin comonomer (unreacted 1-octene) and a residual solvent (residual
hexane) and the solvent stream 2 including a fresh solvent (hexane) were supplied to the recovery tank 10 and mixed to
obtain a mixed stream of the cycle stream 1 and the solvent stream 2, and the mixed stream was passed through a heat
exchanger 20 and supplied to a separation wall-type distillation column 700. Meanwhile, the comonomer stream 3
including the fresh olefin comonomer (1-octene) was directly supplied to the separation wall-type distillation column 700.
[0087] An upper discharge stream from the separation wall-type distillation column including a low-boiling point
component, a side discharge stream from the separation wall-type distillation column including a solvent (hexane)
and an olefin comonomer (1-octene), and a lower discharge stream from the separation wall-type distillation column
including a high-boiling point component were obtained by distillation performed in the separation wall-type distillation
column 700. The side discharge stream from the separation wall-type distillation column was discharged from the side
portion at a height of 65 % from top to bottom of the separation wall-type distillation column 700. A weight ratio of the solvent
to the olefin comonomer included in the side discharge stream from the separation wall-type distillation column was 1.33.
At this time, the temperature in the lower portion of the separation wall-type distillation column was 150°C, and the
pressure in the upper portion of the separation wall-type distillation column was 0.82 kg/cm2·g.
[0088] Meanwhile, the side discharge stream from the separation wall-type distillation column was supplied to a feed
tank 50, and besides, a monomer stream 4 including a fresh olefin monomer (ethylene) was supplied to the feed tank 50,
mixed, and supplied to the polymerization reactor 200.
[0089] In the polymerization reactor 200, the olefin monomer and the olefin comonomer were copolymerized in the
presence of a metallocene catalyst and a cocatalyst to obtain an olefin-based elastomer solution including an olefin-based
elastomer which is a copolymer. At this time, the polymerization reactor 200 was operated at a temperature of 175°C and a
pressure of 90 kg/cm2·g.
[0090] The olefin-based elastomer solution was supplied to the flash drum 300 to finally obtain an olefin-based
elastomer. At this time the flash drum 300 was operated at a temperature of 200°C and a pressure of 10 kg/cm2·g.
The cycle stream 1 including the unreacted olefin comonomer and the residual solvent derived from the stream separated
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from the olefin-based elastomer in the flash drum 300 was circulated to a recovery tank 10.
[0091] As a result, the energy reduction rate in the reboiler of the separation wall-type distillation column 700 was 64%.
[0092] Meanwhile, a recovery rate in the separation wall-type distillation column 700 was 99.4 wt% in the case of hexane
and 95.6 wt% in the case of 1-octene. The recovery rate of hexane was a weight ratio of hexane included in the side
discharge stream from the separation wall-type distillation column to hexane included in the cycle stream 1 and the solvent
stream 2, expressed as a percentage. The recovery rate of 1-octene was a weight ratio of 1-octene included in the side
discharge stream from the separation wall-type distillation column to 1-octene included in the cycle stream 1 and the
comonomer stream 3, expressed as a percentage.
[0093] The following Table 1 shows each of the operation conditions (weight ratio), the energy reduction rate, the
recovery rate, and the content of impurities of the examples and the comparative examples.

[Table 1]

Weight
ratio1)

Energy reduction rate
(reboiler)

Recovery rate
(wt%)

Content of impurities (high-boiling point
component) (ppm)

Example
1 1.34 51%

Hexane: 99.4
0.21-octene: 94.5

Example
2 1.34 64%

Hexane: 99.5
3.01-octene: 94.6

Example
3 1.4 64%

Hexane: 99.4
1.51-octene: 90.7

Example
4 1.27 64%

Hexane: 99.5
362

1-octene: 99.0

Example
5 1.28 64%

Hexane: 99.5
251-octene: 99.4

Compara
tive Ex-
ample 1

1.2 3.73 Gcal/h
Hexane: 87.8

471-octene: 93.5

Compara
tive Ex-
ample 2

1.33 64%
Hexane: 99.4

5681-octene: 95.6

1) The weight ratio was a weight ratio of the solvent to the olefin comonomer included in the side discharge stream
from the distillation column in the examples, a weight ratio of the solvent included in the lower discharge stream
from the second distillation column to the olefin comonomer included in the upper discharge stream from the third
distillation column in Comparative Example 1, and a weight ratio of the solvent to the olefin comonomer included in
the side discharge stream from the separation wall-type distillation column in Comparative Example 2, respectively.

[0094] Referring to Table 1, in the examples using one distillation column for purifying the cycle stream, the solvent
stream, and the comonomer stream, it was confirmed that the energy reduction rate was significantly increased as
compared with Comparative Example 1. Meanwhile, in Examples 2 to 4, it was confirmed that the mixed stream of the cycle
stream and the solvent stream was passed through the heat exchanger, thereby decreasing the amount of energy used in
the reboiler in the distillation column as compared with Example 1 to increase the energy reduction rate. In addition, in
Example 2, it was confirmed that the mixed stream was supplied to the distillation column in a preheated state via the heat
exchanger, thereby increasing the amount of the high-boiling point component present in the side fraction of the distillation
column as compared with Example 1 to increase the content of impurities included in the side discharge stream from the
distillation column as compared with Example 1. However, when the content of impurities (high-boiling point component)
included in the side discharge stream from the distillation column was less than 50 ppm, a problem such as fouling did not
occur since the impurities were in a small amount.
[0095] However, in Comparative Example 1, it was confirmed that the total energy usage in the reboiler in each
distillation column was the highest by using 3 distillation columns, and the content of impurities was increased as
compared with Examples 1 to 3 and 5.
[0096] Meanwhile, Comparative Example 2 used a separation wall-type distillation column, not a general distillation
column as in the examples, and it was confirmed that the content of impurities was the highest.
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Claims

1. A method for preparing an olefin-based elastomer, the method comprising:

supplying a cycle stream including an unreacted olefin comonomer and a residual solvent, a solvent stream
including a solvent, and a comonomer stream including an olefin comonomer to a distillation column;
obtaining an upper discharge stream from the distillation column including a low-boiling point component, a lower
discharge stream from the distillation column including a high-boiling point component, and a side discharge
stream from the distillation column including an olefin comonomer and the solvent, by distillation performed in the
distillation column;
supplying the side discharge stream from the distillation column and a monomer stream including an olefin
monomer to a polymerization reactor and performing copolymerization to obtain a discharge stream from the
polymerization reactor including an olefin-based elastomer solution; and
supplying the discharge stream from the polymerization reactor including the olefin-based elastomer solution to a
flash drum to obtain an olefin-based elastomer.

2. The method for preparing an olefin-based elastomer of claim 1, wherein the cycle stream including the unreacted
olefin comonomer and the residual solvent is derived from a stream separated from the olefin-based elastomer in the
flash drum.

3. The method for preparing an olefin-based elastomer of claim 1, wherein the olefin monomer includes one or more of
ethylene and propylene.

4. The method for preparing an olefin-based elastomer of claim 1, wherein the olefin comonomer includes 1-butene or 1-
octene.

5. The method for preparing an olefin-based elastomer of claim 1, wherein the solvent includes one or more of
cyclohexane, methylcyclohexane, heptane, nonane, decane, toluene, benzene, and hexane.

6. The method for preparing an olefin-based elastomer of claim 1, wherein the supplying of a cycle stream, a solvent
stream, and a comonomer stream is performed by mixing the cycle stream and the solvent stream and supplying the
mixture to the distillation column, and directly supplying the comonomer stream to the distillation column.

7. The method for preparing an olefin-based elastomer of claim 6, wherein the mixing of the cycle stream and the solvent
stream and the supplying of the mixture to the distillation column are supplying a mixed stream of the cycle stream and
the solvent stream to the distillation column via a heat exchanger.

8. The method for preparing an olefin-based elastomer of claim 1, wherein a weight ratio of the solvent to the olefin
comonomer included in the side discharge stream from the distillation column is 1.28 to 1.58.

9. The method for preparing an olefin-based elastomer of claim 1, wherein a side discharge stream from the distillation
column is discharged from a side portion at a height of 60% to 77% from top to bottom of the distillation column.

10. The method for preparing an olefin-based elastomer of claim 1, wherein a weight flow ratio of the olefin comonomer to
the olefin monomer supplied to the polymerization reactor is 0.8 to 1.5.

11. The method for preparing an olefin-based elastomer of claim 1, wherein a temperature in a lower portion of the
distillation column is 120 to 180°C.

12. The method for preparing an olefin-based elastomer of claim 1, wherein a pressure in an upper portion of the
distillation column is 0.7 to 1.0 kg/cm2·g.

13. The method for preparing an olefin-based elastomer of claim 1, wherein an upper reflux ratio of a flow rate of an upper
reflux stream from the distillation column to a flow rate of an upper discharge stream from the distillation column is 60 to
75.

14. The method for preparing an olefin-based elastomer of claim 1, wherein a lower reflux ratio of a flow rate of a lower
reflux stream from the distillation column to a flow rate of a lower discharge stream from the distillation column is 20 to
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220.

15. The method for preparing an olefin-based elastomer of claim 1, wherein the supplying of the side discharge stream
from the distillation column and the monomer stream is performed by mixing the side discharge stream from the
distillation column and the monomer stream and supplying a mixture of the side discharge stream from the distillation
column and the monomer stream to the polymerization reactor.
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